intestine, Wnt and Notch signaling pathways are dominant. Th ese pathways are additionally important in maintaining the crypt structure and proliferation of stem / progenitor cells. Sox-9 is one of the key transcription factors that acts downstream of Wnt signaling to specify Paneth cells, as knockout of this gene leads to mice with crypts and active stem cells, but no Paneth cells. Other transcription factors such as the ets factor, Spdef, which interact with both Wnt and Notch signaling pathways, are required for Paneth cell diff erentiation.
Th e location of Paneth cells in the crypt base is likely to be strategically important to their highly specialized function, which is to produce and secrete specifi ed proteins. In the small intestine, Paneth cells are a critical source of cationic antimicrobial proteins that are delivered to the lumen of the gut by a process of merocrine secretion through their apical plasma membrane. Th is aspect of secretion is by far the most highly studied in these cells. 3 Interest in this process has been driven by histological observations fi rst made in the late 19th century that showed that these cells have very distinctive cytoplasmic granules. Th ese granules can be highlighted on sections of small intestine prepared for light microscopy that are stained with either periodic acid Shiff or various lectins including Ulex europaeus agglutinin 1. In addition, sections prepared for transmission electron microscopy show the well-described electron-dense secretory granules ( Figure 1 ). Biochemical and immunohistochemical studies have shown that these secretory granules store various small molecular weight antimicrobial proteins, including a variety of -defensins (cryptdins), angiogenin-4, lysozyme, secretory phospholipase A2, and Reg3 . Similar to most Paneth cells are a morphologically and geographically distinctive epithelial cell type located throughout the length of the small intestine in both mice and humans. Another location for these cells is the proximal human colon that occurs only as a metaplastic response to an infl ammatory insult. In the small intestine, Paneth cells are one of the four lineages produced continuously by epithelial stem cells. 1 nature publishing group COMMENTARIES highly secretory cells, Paneth cells additionally contain a robust rough endoplasmic reticulum and Golgi apparatus that act as part of the " factory " to produce these proteins.
The production of antimicrobial proteins by Paneth cells seems to have functional consequences in both health and disease. These antimicrobial proteins likely shape the composition and abundance of the species of indigenous microbes that reside within the intestinal lumen. Cryptdins produced by Paneth cells have also been shown to have a role in the clearance of pathogens. In one example, mice that were engineered to overexpress one member of the cryptdin family of proteins were much less susceptible to oral infection by Salmonella typhimurium . 4 Paneth cells also secrete proteins that infl uence other functions in the intestine. Th e Wnt ligands that they produce likely aff ect stem cells in the crypt base. Th ey also produce factors that infl uence villus vasculature development. Paneth cell also produce infl ammatory cytokines such as tumor necrosis factor-(reviewed by Stappenbeck 2 ). It is not known whether these factors are secreted apically or basolaterally. Th e ability to now grow intestinal crypts in culture will aid in the study of the mechanism of secretion of this cell type (for example, see The fact that Paneth cells regulate the ability of intestinal bacteria to pass through the epithelial barrier suggests that autophagy may be important in this cell type. Autophagy is a process that occurs in all cells and its major function is the recycling of intracellular components. 6 Th e machinery that is required for this macro-autophagocytic process is complex and requires >20 different proteins to generate the classic double membrane-bound structures in the cytosol. Th ese autophagocytic vesicles are then delivered to lysosomes for recycling of individual components. In some cell types, loss of autophagy function can lead to alterations in proliferation, cell death, and loss of the ability to clear intracellular pathogens. Paneth cells have been observed to form autophagocytic vesicles when cells are stressed by processes such as irradiation. 7 Another reason to consider the role of autophagy in Paneth cells (as well as in other intestinal cell types) is that patients with one form of infl ammatory bowel disease, Crohn ' s disease, have polymorphisms in specifi c genes, including the autophagy gene Atg16L1 . This protein forms a complex with two other autophagy proteins, Atg5 and Atg12, which together function to extend the membrane of a nascent autophagocytic vesicle. Loss of autophagy function in fi broblasts through the manipulation of Atg16L1 function suggests that bacterial clearance is impaired because of loss of autophagy. 8 However, loss-of-function studies in mice for Atg16L1 did not fi nd a role in the clearance of enteric pathogenic bacteria, including Salmonella and Listeria. 9 Instead, mice with loss of function for Atg16L1 showed defects in the secretory function of Paneth cells. Autophagydefi cient Paneth cells properly committed to diff erentiation and did not seem to undergo premature apoptosis. However, diminished autophagy function in Paneth cells led to defects in the packaging of antimicrobial proteins into granules and eventually their proper export into the lumen of the gut is defective. 9 Instead of a robust endoplasmic reticulum and secretory vesicles, the autophagy-deficient Paneth cell cytoplasm contained few granules and was typically fi lled with small vesicles ( Figure 2 ) . Th e nature of these cytoplasmic vesicles is still unclear. To test for the possibility that they might be endocytic vesicles that sample luminal bacteria, we stained for bacteria on tissue sections. However, we have thus far found no evidence that these vesicles contain bacteria. Microarray studies of these Paneth cells showed that in Many further studies will be required to evaluate the role of autophagy in these cell types.
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